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(54) Electrical apparatus with electro-acoustic transducer 



(57) Tlie electrical apparatus (1 0) In particular a tel- 
ephone comprises a box (12) and an electro-acoustic 
transducer (16) disposed in the said box (12). The said 
box (12) comprises a bearing zone (25) supporting an 
ear of a user, the said bearing zone (25) comprising an 
exit aperture (2 6^ of the said electro-acoustic transducer 
(16). The said box (12) furthermore comprises a decom- 
pression aperture (32) made through the said bearing 
zone (25). The electrical apparatus (10) comprises an 
essentially seated resonant enclosure (1 8), inside which 



is disposed the said electro-acoustic transducer (16). 
The said enclosure (1 8) comprises an interference ap- 
erture (28) made through a wail (20) of the said enclp - 
sure , and a leakage aperture (30) iinKing tne said rea r 
volume (24) to the outside . The said interference aper- 
ture (28) emerges through the said bearing zone (25). 
The said leakage aperture (30) emerges through a zone 
separate from the said bearing zone (25). The said de- 
compression aperture (32) emerges outside the said en- 
closure (18). 
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Description 

[0001] The present invention relates to an electrical 
apparatus comprising a box and an electro-acoustic 
transducer disposed in said box and exhibiting an active 5 
emission surface, said box comprising a bearing zone 
supporting an ear of a user, said bearing zone compris- 
ing an exit aperture of said electro-acoustic transducer, 
formed facing said active emission surface of said elec- 
tro-acoustic transducer, said box furthemrjore compris- io 
ing a decompression aperture made through said bear- 
ing zone. 

[0002] Such an electrical apparatus Is for example a 

mobile telephone. The electro-acoustic transducer is in- 
tended to reproduce the sound or speech messages re- is 
ceived by the telephone. 

[0003] In known mobile telephones, the electro- 
acoustic transducer is disposed directly inside the box 
of the telephone. The exit aperture of the electro-acous- 
tic transducer is made in an outside wall of the box. This 20 
aperture allows the transmission of the acoustic wave 
from the transducer to the ear of the user. The wall 
through which the exit aperture of the electro-acoustic 
transducer is made forms the bearing zone for support- 
ing the ear of the user. 2s 
[0004] Moreover, In this same bearing zone is made 
a decompression aperture enabling the pinna of the ear 
of the userto be placed in communication with the inside 
of the box or the ambient air. This decompression aper- 
ture ensures a balancing of the pressures between the 30 
ear of the user and the inside of the box or the ambient 
air. The decompression aperture caters only for a flow 
rate/pressure conversion In respect of the air stream 
produced by the transducer. 

[0005] Pressure balancing is made possible by the in- 35 
trinsic leaks present through the box. These leaks are 
formed at the level of the joints between the elements 
assembled to constitute the box, as well as through the 
passages defined In the box for the buttons of the key- 
pad of the mobile telephone. 40 
[0006] Such an electrical apparatus normally exhibits 
fairly mediocre acoustic qualities. In particular, It Is very 
sensitive to variations in the contact leaks arising at the 
Interface between the ear and the bearing zone support- 
ing the ear on the box. These variations in the contact 
leaks in this region lead to variations in the frequency 
response which are highly prejudicial to listening quaitiy. 
[0007] In order to afford the user good acoustb qual- 
ity, it is often necessary to implement an analogue or 
digital filtering of the signals received and addressed to so 
the electro-acoustic transducer. 

[0008] An aim of the invention is to propose an elec- 
trical apparatus comprising an electro-acoustic trans- 
ducer disposed in the box, making it possible to obtain 
a frequency response of good quality and a weak sen- S5 
sitlvity to variations In contact leaks fomrted between the 
ear and the box, without it being necessary to implement 
analogue or digitai processing of the signal addressed 
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to the transducer. 

[0009] Accordingly, the subject of the invention is an 
electrical apparatus, of the aforesaid type, character- 
ized in that said electrical apparatus comprises an es- 
sentially sealed resonant enclosure, inside which is dis- 
posed said electro-acoustic transducer, said enclosure 
delimiting a rear volume for said electro-acoustic trans- 
ducer, in that said enclosure comprises an interterence 
aperture made through a wall of said enclosure and a 
leakage aperture linking said rear volume to the outside 
of said enclosure, said interference aperture emerging 
outside said enclosure through said bearing zone, said 
leakage aperture emerging through a zone separate 
from said bearing zone, and in that said decompression 
aperture emerges outside said enclosure. 
[001 0] According to particular embodiments, the elec- 
trical apparatus comprising one or more of the following 
characteristics: 

said wall of said enclosure constitutes at least a part 
of said bearing zone of said box; 
said exit aperture of said electro-acoustic transduc- 
er is made through a wall delimiting both said en- 
closure and said box in a region of said bearing 
zone; 

said exit aperture of said electro-acoustic transduc- 
er Is made through a wall specific to said enclosure, 
said wall lying Inside said box, and said exit aperture 
of said electro-acoustic transducer emerges Inside 
an intermediate chamber of said box, said intemne- 
diate chamber being delimited at the rear of said 
decompression aperture made in said box; 
said exit aperture of said electro-acoustic transduc- 
er and said decompression aperture are substan- 
tially aligned; 

it comprises at least one tubular span extending at 
least one of said interterence aperture, of said leak- 
age aperture, of said exit aperture of said electro- 
acoustic transducer and of said decompression ap- 
erture; 

at least one of said interference aperture, of said 
leakage aperture, of said exit aperture of said elec- 
tro-acoustic transducer and of said decompression 
aperture comprises at least two disjoint orifices; 
said electro -acoustic transducer Is a loudspeaker; 
the effective surface area of said Interference aper- 
ture is substanltally comprised between 0.1 mm^ 
and 1 .6 mm^. 

the effective surface area of said leakage aperture 
is greater than the effective surface area of said in- 
terference aperture; 

the ratio of said effective surface area of said leak- 
age aperture to said effective surface area of said 
interference aperture is substantially comprised be- 
tween 1 and 8; 

the ratio of the effective surface area of said decom- 
pression aperture to the effective surface area of 
said interference aperture is substantially greater 
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than 16; and 

it belongs to the group comprising: 

• a telephone; and 

• a portable electronic diary. 

[0011] The invention will be better understood on 
reading the description which follows, given nnerely by 
way of exannple and while referring to the drawings in 
which: 

figure 1 is a diagrammatic side view with partial cut- 
away of a mobile telephone according to the inven- 
tion; 

figure 2 is an end-on view with partial cutaway of a 
variant embodiment of the mobile telephone ac- 
cording to the Invention; and 
figure 3 is an external front view of the mobile tele- 
phone of figure 2. 

[0012] The mobile telephone 10 represented in figure 
1 comprises a box 12 forming the outer casing of the 
mobile telephone. This box is formed for example by two 
half-shelfs 12A, 12B assembled together along a periph- 
eral function line. 

[001 3] On its front face the box exhibits a set of orific- 
es fomrring the passage forthe buttons of a keypad. The 
orificesrfor the passage of the buttons and the junction 
line formed between the two half-shells are the origin of 
leaks intrinsic to the box. These leaks place the inside 
of the l:»>x permanently in communication with the anv 
bient environment. 

[0014] jr By way of illustration, these intrinsic leaks are 
shown :diagrammaticaily by a single aperture 14 made 
artificially on the bottom of the box. 




[08T5]*^TIire'Tnomre^fefephone 1 0 comprises an elec- ) 
tro-acoustic transducer 16 disposed inside the box 12. 
The electro-acoustic transducer 16 comprises in partic- 
ular a first part 1 6A consisting of a basket and a second 
part 1 6B consisting of a diaphragm. This diaphragm I 
turned towards the front wall of the box 12. The electro 
acoustic transducer 16 consists for example of a loud- 
speaker It is adapted forthe sound reproduction of mu- 
sic or speech signals received by the mobile telephone. 
According to the invention, the electro-acoustic trans- 
ducer 1 6 is disposed Inside an essentlallv sealed enc lo- 
sure 18. This enclosure Is disposed completely inside 
the box 12. The enclosure 1 8 is partially delimited by a 
J' ^wall 20 common to the box 1 2 and to the enclosure 1 8^ 
[001 6] According to a variant embodiment (not repre- 
sented), the enclosure and the second part of the elec- 
tro-acoustic transducer are disposed away from the 
front wall of the box. The corresponding enclosure can 
then envelope only the first part of the electro-acoustic 
transducer. 

[0017] Furthermore, the enclosure 18 is delimited by 
an inner wall 22 specify to the enclosure. The inner wall 
22 lies completely inside the box 12 and is separate from 
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the outer walls of the box. 

[0018] In variant embodiments (not represented), at 
least a part of several walls of the enclosure is common 
with a part of several walls of the box. 
[0019] The enclosure 1 8 delimits a rear volume 24 in 
contact with the opposite surface from the active emis- 
sion surtace of the loudspeaker constituting the trans- 
ducer 16. 

[0020] Externally the box 12 delimits a bearing zone 
25 for supporting an ear of a user. The bearing zone 25 
is fornied partially by the wall 20 common to the box 12 
and to the enclosure 18. The bearing zone 25 is further- 
more formed by a front wall part specific to the box. 
[0021] An exit aperture 26 of the electro-acoustic 
transducer 1 6 passes through the bearing zone 25 sup- 
porting the ear of the user. This exit aperture 26 is 
formed through the wail 20 facing the active emission 
surface of the transducer, that is to say facing the active 
surface of the diaphragm of the loudspeaker in the ex- 
ample given. 

[0022] According to a variant embodiment (not repre- 
sented), the second part of the eiectro-acoustic trans- 
ducer is situated facing the exit aperture specific to the 
box. In a first case according to which the enclosure en- 
velopes only the first part of the electro-acoustic trans- 
ducer, an exit aperture Is provided within the frontal wall 
of the enclosure at the level of the rear region of the 
second part of the electro-acoustic transducer. In this 
first case, the exit aperture specific to the enclosure is 
a hole exhibiting a surtace area corresponding to the 
surface area required forthe passage of the second part 
of the electro-acoustic transducer In a second case, the 
enclosure comprises an exit aperture provided on its 
frontal wall, at the level of the second part of the electro- 
acoustic transducer. However, the exit aperture cut In 
the enclosure exhibits a much smaller surface area than 
that of the corresponding exit aperture of the first afore- 
said case. 

[0023] According to another variant (not represent- 
ed), the enclosure is disposed away from the front wall 
of the box and only the second part of the transducer Is 
designed in direct proximity to the front wall of the box 
facing the exit aperture provided within the box. In this 
variant, the enclosure envelopes only the first part of the 
transducer. 

[0024] The exit aperture 26 consists for example of a 
single circular orifice whose diameter is substantially 
equal to 1 mm. This orifice is covered by a trellis forming 
an acoustic fabric. This trellis is 51% open. Thus, the 
effective surface area of the exit aperture 26, that Is to 
say the free surface area allowing the actual passage 
of sound is substantially equal to 0.4 mm^. 
[0025] The enclosure 1 8 forms a resonant enclosure 
ensuring afunction of filtering the sound message emit- 
ted. Accordingly, an interference aperture 28 is made 
through the bearing zone 25 supporting the ear of the 
user. This interference aperture 28 ensures that the in- 
side of the enclosure 1 8 is placed In communication with 
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the inside of the auditory pinna of the ear when the tel- 
ephone is held right up against the ear of a user. 
[0026] The interference aperture 28 is formed for ex- 
ample of a single circular orifice. The diameter of this 
orifice is preferably between 0.5 and 2 mm and Is ad- 
vantageously substantially equal to 1 mm. 
[0027] This interference aperture is covered by a trel- 
lis forming an acoustic fabric, masking 51% of the inter- 
ference aperture 28. 

[0028] Thus, the effective su rface area of the interfer- 
ence aperture is between 0.1 mm^ and 1 .6 mm^ approx- 
imately. It is preferably approximately 0.4 mm^. 
[0029] Advantageously, the effective surface areas of 
the interference aperture 28 and of the exit aperture 26 
are substantially identical. 

[0030] Furthermore, passingthrough the innerwall 22 
of the enclosure 18 is a leakage aperture 30 ensuring 
that the Inside of the enclosure 1 8 Is placed pennanently 
in communication with the outside of the enclosure 1 8 
by passing through a zone separate from the bearing 
zone 25 supporting the ear of the user. Stated otherwise, 
this leakage aperture 30 enables the inside of the rear 
volume of the enclosure 1 8 to be made to communicate 
with the ambient environment outside the pinna zone of 
the ear of the user. 

[0031 ] The leakage aperture 30 is for example aligned 
with the interference aperture 28. They are then formed 
in the opposite walls of the enclosure 18. 
[0032] According to a variant in accordance with 
those indicated hereinabove, in addition to the part of 
the front wall common to the enclosure and to the box, 
at least one of the rear wall (with respect to the eiectroa- 
coustic transducer) and of a lateral wall of the enclosure 
Is common with a part of the rear or lateral wall of the 
box. The leakage aperture is provided on a part of the 
rear or lateral wall of the box (also constituting a wall of 
the enclosure). 

[0033] The leakage aperture 30 is for example formed 
of a single circular orifice whose diameter is substantial- 
ly equal to 1 . 1 mm. This orifice is devoid of trellis partially 
masking it. Thus, its effective surface area is substan- 
tially equal to 0.95 mm^. 

[0034] Preferably, the leakage aperture 30 has a larg- 
er effective surface area than the effective surface area 
of the interference aperture 28. In particular, the ratio of 
the effective surface area of the leakage aperture 30 to 
the effective surface area of the interference aperture 
28 is between 1 and 8 approximately. It is preferably 
substantially equal to 2. 

[0035] The enclosure 1 B emerging only through the 
interference aperture and the leakage aperture 30 cre- 
ates a resonant interference filter. This filter makes it 
possible to eliminate the two spikes normally encoun- 
tered In the frequency response of the electro-acoustic 
transducer. For a given loudspeakerwith an artificial ear 
referenced as being of the 3.2 low leak type according 
to recommendations P.57 of the ITU-t (international Tel- 
ecommunication Union) standard of August 1996, the 



spikes correspond approximately to the frequencies 1 .5 
kHz and 3.5 kHz. 

[0036] The resonant filter thus created is a low-pass 
filter. While operating, only a part of the filtered rear 

5 wave emanating from the electro-acoustic transducer 
16 is reinjected inside the pinna of the ear through the 
interference aperture 28. This reinjection is carried out 
as a function of the ratio defined by the effective surface 
area of the interference aperture 28 to the effective sur- 

10 face area of the leakage aperture 30. 

[0037] Thus, partial destructive interference is creat- 
ed in the low frequency band. 

[0038] The interference aperture 28 and leakage ap- 
erture 30 are dimensioned such that the resonant fre- 
ts quency of the filter lies between the two frequencies cor- 
responding to the spikes. 

[0039] In the neighbourhood of the resonant frequen- 
cy of the filter, the gain and the phase make it possible 
to reduce the overall acoustic pressure inside the ear 

20 for frequencies immediately below the resonant fre- 
quency. Likewise, they make it possible to increase the 
overall acoustic pressure for frequencies just above the 
resonant frequency. Thus, by correct adjustment of the 
resonant frequency of the filter, the first spike of the f re- 

25 quency response is attenuated and the second spike is 
Increased. 

[0040] The box 12 moreover exhibits a decompres- 
sion aperture 32 made through the bearing zone 25 sup- 
porting the ear This decompression aperture 32 caters 
30 for the link between the outside of the enclosure 1 8 and 
the auditory pinna of the ear when the telephone is ap- 
plied against the ear. 

[0041 ] The decompression aperture 32 emerges out- 
side the enclosure 18, passingthrough the inside of the 
35 box 1 2. 

[0042] The action of this decompression aperture 32 
is to convert the flow rate of the air stream produced by 
the electro-acoustic transducer 16 into a variation in 
pressure applied to the eardrum without excessively 
40 compressing the ear of the user. 

[0043] The assembly formed by the electro-acoustic 
transducer 16 and by the decompression aperture 32 
thus constitutes a pressure generator rather than a flow 
rate generator. 

43 [0044] The presence of the decompression aperture 
32 makes it possible to eliminate the decreasing fre- 
quency response at a relatively strong level for the low 
frequencies and at a relatively weak level for the high 
frequencies. For a given loudspeaker with an artificial 

so ear referenced as being of the 3.2 low leak type accord- 
ing to ITU standard P.57 (International Telecommunica- 
tion Union), the reduction is 30dB between 300 Hz and 
3 Khz for example. 

[0045] Moreover, the decompression aperture 32 re- 
55 duces the sensitivity to variations in contact leaks be- 
tween the ear of the user and the bearing zone 25. Ac- 
cordingly, the effective surface area of the decompres- 
sion aperture 32 Is much greater than the mean open 
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surface area formed by the contact leaks between the 
ear and the bearing zone. The mean open surface area 
is taken for exannple to be equal to that defined in the 
standard ear of the 3.2 low leak type in the ITU standard 
(standing for International Telecommunication Union) P. 5 
57. 

[0046] Preferably, the effective surface area of the de- 
connpression aperture 32 is four times the mean open 
surface area of the contact leaks. 

[0047] The decompression aperture 32 is formed for io 
example by a single circular orifice whose diameter is 
substantially equal to 4 mm. 

[0046] Advantageously, the ratio of the effective sur- 
face area of the decompression aperture 32 to the ef- 
fective surface area of the interference aperture 28 is '5 
greater than 16. 

[0049] In practice, the length of each aperture, that Is 
to say nomially the thickness of the walls in which the 
apertures are made is very important to the acoustic 
qualities of the sound restitution. In particular, this length 
of the apertures influences the resonant frequency of 
the filter and Its quality factor. 

[0050] If the thickness of the walls is insufficient, each 
aperture is extended by a tubular span increasing the 
total length of the aperture. Such a tubular span Is adapt- 25 
ed so that the total length of each aperture is between 
1 mm and 2.5 mm, 

[0051]7-: Represented in Figures2and3 is a variantem- 
bodiment of the mobile telephone of Figure 1 . In this em- 
bodiment, elements identical or similar to those of Fig- 3o 
ure 1 ace designated by the same reference numbers to 

which 1\00 has been added. 

[0052] r Thus, the telephone 1 00 comprises a box 1 1 2 
inside which is provided an enclosure 11 8 containing an 
electro-acoustic transducer 116. The enclosure 118 35 
opens through the bearing zone 125 supporting an ear 
via an interference aperture 128. A leakage aperture 
130 caters for the link between the rear volume 124 de- 
limited by the enclosure 1 1 8 and the inside of the box 

112. 40 

[0053] In this embodiment, the exit aperture 1 26 of the 
electro-acoustic transducer is made on a wall 140 spe- 
cific to the enclosure 118, this wall not constituting an 
outer wall of the box 112. 

[0054] The wall 1 40 thus lies Inside the box 1 1 2. The 45 
exit aperture 126 of the transducer emerges Into an In- 
termediate chamber 1 42 delimited between the wall 1 40 
specific to the enclosure and an outer wall 144 of the 
box 112. The wall 144 is a part of the bearing zone 1 20 
supporting the ear of the user. so 
[0055] The intemnedlate chamber 1 42 is linked to the 
inside of the box 112 by a conduit 146 formed between 
the walls 140 and 144. 

[0056] Passing through the wall 144 is the decom- 
pression orifice 132, which opens into the intermediate 55 
chamber 1 42. Advantageously, the exit orifice 1 26 of the 
transducer Is substantially aligned with the decompres- 
sion orifice 132. 



[0057] Regardless of the embodiment envisaged, the 
presence of the sealed enclosure linked, on the one 
hand, to the pinna of the ear by the Interference orifice 
and, on the other hand, to the outside of the enclosure 
by the leakage orifice, this being in the presence of the 
decompression orifice linking the ear to the outside of 
the enclosure makes it possible to satisfy, without re- 
quiring prior processing of the electro-acoustic trans- 
ducer excitation signal, the conditions imposed by the 
specifications 11.10 phase 2+ GSM (standing for Global 
System for Mobile) with the standard ear of 3.2 low leak 
type of the ITU P.57 standard mentioned eariier. 
[0058] In particular, by employing a filter-forming en- 
closure it is possible to obtain a satisfactory frequency 
response and to reduce the sensitivity to variations in 
contact leaks between the ear and the bearing zone of 
the box. 

[0059] As a variant, each of the apertures can be 
formed by at least two disjoint orifices constituting sev- 
eral independent holes. In this case, the total effective 
surface area of the Independent orifices is equal to the 
effective surface area envisaged for the corresponding 
aperture. 

[0060] By employing several disjoint orifices it is pos- 
sible in particular to improve the visual appearance of 
the box of the telephone whilst possibly complying with 
symmetries. 

[0061 ] The invention can be implemented for any type 
of electrical apparatus comprising an electro-acoustic 
transducer such as a mobile telephone or a portable 
electronic diary. 



Claims 

1 . Electrical apparatus (1 0; 1 00) comprising a box (12; 
112) and an electro-acoustic transducer (16; 116) 
disposed in said box (12; 112) and exhibiting an ac- 
tive emission surface, said box (1 2; 1 12) comprising 
a bearing zone (25; 1 25) supporting an ear of a user, 
said bearing zone (25; 125) comprising an exit ap- 
erture (26; 1 26) of said electro-acoustic transducer 
(16; 116), fonned facing said active emission sur- 
face of said electro-acoustic transducer, said box 
(12; 112) furthermore comprising a decompression 
aperture (32; 132) made through said bearing zone 
(25; 125), 

characterized In that said electrical apparatus (10; 
100) comprises an essentially sealed resonant en- 
closure (18; 118), inside which is disposed said 
electro-acoustic transducer (16; 116), said enclo- 
sure (1 8; 11 8) delimiting a rear volume (24; 1 24) for 
said electro-acoustic transducer (16; 116), In that 
said enclosure (18; 118) comprises an interference 
aperture (28; 128) made through a wall (20; 120) of 
said enclosure and a leakage aperture (30; 130) 
linking said rear volume (24; 124) to the outside of 
said enclosure (18; 118), said interference aperture 
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(28; 128) emerging outside said enclosure (18; 118) 
through said bearing zone (25; 125), said leal<age 
aperture (30; 130) emerging tlirougii a zone sepa- 
rate from said bearing zone (25; 125), and in that 
said decompression aperture (32; 132) emerges 
outside said enclosure (18; 118). 

2. Apparatus according to Claim 1, characterized in 
that said wall (20; 120) of said enclosure (18; 118) 
constitutes at least a part of said bearing zone (25; 
125) of said box (12; 112). 

3. Apparatus according to Claim 2. characterized in 
that said exit aperture (26) of said etectro-acoustic 
transducer (16) is made through a wall (20) delim- 
iting both said enclosure (18) and said box (12) in 
a region of said bearing zone (25). 

4. Apparatus according to Claim 2, characterized in 
that said exit aperture (1 26) of said electro-acoustic 
transducer (116) is made through a wall (140) spe- 
cific to said enclosure (118), said wall (140) lying 
inside said box (112), and In that said exit aperture 
(126) of said electro-acoustic transducer (116) 
emerges inside an intermediate chamber (142) of 
said box (1 1 2), said intermediate chamber (1 42) be- 
ing delimited at the rear of said decompression ap- 
erture (132) made in said box (112). 

5. Apparatus according to Claim 4. characterized in 
that said exit aperture (1 26) of said electro-acoustic 

transducer (116) and said decompression aperture 
(132) are substantially aligned. 

6. Apparatus according to any of the preceding claims, 
characterized in that it comprises at least one tu- 
bular span extending at least one of said interfer- 
ence aperture (28; 128), of said leal<age aperture 
(30, 1 30), of said exit aperture (26; 1 26) of said elec- 
tro-acoustic transducer (16; 116) and of said de- 
compression aperture (32; 132). 



tive surface area of said interference aperture (28; 
128) is substantially greater than 16. 

10. Apparatus according to any of the preceding claims, 
characterized In that it belongs to the group com- 
prising: 

a telephone; and 

a portable electronic diary. 
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7. Apparatus according to any of the preceding claims, 
characterized in that said electro-acoustic trans- 
ducer (1 6; 1 1 6) Is a loudspeaker. 



8. Apparatus according to any of the preceding claims, 
characterized In that the effective surface area of 
said interference aperture (28; 128) is substantially 
comprised between 0.1 mm^ and 1 .6 mm^. 

9. Apparatus according to any of the preceding claims, 
characterized in that the ratio of said effective sur- 
face area of said leakage aperture (30; 1 30) to said 
effective surface area of said interference aperture 
(28; 128) is substantially comprised between 1 and , 
and in that the ratio of the effective surface area of 
said decompression aperture (32; 1 32) to the effec- 
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